We performed molecular dynamics simulations of argon liquid enclosed in an infinitely extended channel made out of platinum atoms. It was found that for small temperatures the van der Waals forces at the liquid-substrate interface are increased. Using this fact and the nature of argon, that this liquid thermally contracts if cooled, phase transition of liquid to vapor could also be achieved in this nanocavity of constant volume. However, the phase diagram is altered significantly compared to bulk argon.
INTRODUCTION
Phase transition phenomena at very small scales are of increasingly interest. Though many is known about phase change at heated elements at an open environment, e.g. heating a liquid at a micro-heater element, phase change of an enclosed liquid in a cavity with constant volume is thought to be impossible because the mass inside the chamber is constant and the vapor occupies a lot more volume than the same fluid in the liquid phase [1] .
However, when thermal activation is used this must often take place in a closed chamber. Carey [2] found that vapor nucleation cannot be achieved in a closed cavity due to the constant mass inside the chamber. To achieve vapor nucleation the cavity must have at least one membrane which can deform.
We will show in the next section that using the increasing van der Waals forces but also the fact that liquid argon thermally contracts if cooled, phase change in a nanocavity can be achieved. The results are compared with the phase diagram of bulk argon. It was found that the phase diagram of a confined liquid at nanoscale is completely altered. Vapor phase S :
Solid phase P :
Certain probability of the confined density 
MOLECULAR DYNAMICS SIMULATION
The classical molecular dynamics simulation procedure was applied [3, 4] using a parallel code based on the spatialdecomposition approach [5] . The argon-argon and argonplatinum interaction, respectively, was calculated using the spherical truncated and shifted Lennard-Jones potential:
Replacing σ and ε (σ = 3.405⋅10 -10 m, ε = 1.67⋅10 -21 J [4] ) with the corresponding interface parameters σ int and ε int (σ int = 3.085⋅10 -10 m, ε int = 0.894⋅10 -21 J [6, 7] ) allows for the different interaction forces of fluid-fluid and fluid-substrate interactions. The Newton equation was solved by the Verlet leapfrog algorithm [4, 5] and a time step of ∆t = 0.001τ (τ = σ(m Ar /ε) 1/2 ). The cutoff distance was set to 4σ. It was shown elsewhere that a cutoff distance of 4σ is sufficiently accurate to simulate the argon fluid [8, 9] .
The solid walls were made out of three layers of platinum atoms interacting by harmonic spring forces. Additional phantom layers at the bottom wall are added to model a constant heat bath applied at the bottom surface. The number of the wall atoms, including the phantom layers was 9180 atoms. The constant temperature at the bottom surface serves to stabilize the system temperature, i.e. wall and fluid temperature. For detailed description the reader is referred to [6, 7, 10] . The top wall was realized as insulated meaning that the top wall atoms reach the fluid temperature by exchanging momentum. The length of the simulation cell in the lateral directions was set to approximately 24σ and the wall separation was approximately 15σ (approximately 5 nm). The liquid in the confined system was made out of 6902 atoms giving an average density of ρ av = 0.76. However, because the volume for the average density is calculated from the distance in the lateral directions of the computational domain and the distance between the walls, this average density is somewhat smaller than the actual density in the confinement. This results from the dead space at the fluid-substrate interface where fluid particles cannot penetrate. The density of the confined liquid was calculated by dividing the computational domain in small subdomains to calculate the local density to increase the accuracy of the density values. In this way the density can be calculated using histograms which show fluid density values with a certain probability, see Fig. 3 . The pressure inside the channel was calculated at the fluidsubstrate interface by using the method-of-planes approach (MOP) of Todd et al. [11] .
DISCUSSION
The equilibrium molecular dynamics simulations (EMD) were carried out over a broad range of temperatures from T = 0.5 to 1.25. The phase diagram of the confined liquid is shown in Fig. 1 in comparison with bulk values for argon calculated with the same code.
The solid line with solid cubes show the saturation limit of bulk argon calculated with the above described MD code. The results were proven to have sufficient accuracy to model bulk argon properties [8] . It can clearly be seen that the argon phase diagram is significantly changed. [12] . The dash-dotted lines in Fig.1 show the limits of the liquid-vapor coexistence of the confined argon. If the temperature is further decreased below T < 0.54 the fluid will crystallize denoted by S c . The density for temperatures T > 0.57 stays almost constant at approximately 0.8 ( Fig. 1) indicating that no further expansion of the fluid inside the channel is allowed. This corresponds to the findings of Carey [2] . However, at T < 0.57 the liquid density suddenly increases (Fig. 1) indicating the transition into the liquid-vapor coexistence. The liquid density in the liquid-vapor coexistence region of the confined argon is approximately ρ l,c ≈ 0.87. Hence, the liquid density of the confined argon approaches a value which is about 3.6% larger than the liquid density of bulk argon at T m = 0.7 [12] . The solid triangles in Fig. 1 show also two vapor density values in the coexistence region. However, care must be taken on the accuracy of the vapor density because the vapor region in the enclosure is represented by only a few "vapor" atoms and lacks precise statistical accuracy. The vapor density of the confined vapor is smaller than ρ v,c < 0.0015 at temperatures between T = [0.55,0.57] compared to the smallest vapor density of bulk argon of ρ v ≈ 0.0024 at the triple point temperature T m = 0.7 [12] . Figure 2 shows a typical density histogram at a temperature of T = 0.56 in the coexistence region. The three main peaks show the liquid density ρ l,c ≈ 0.87, the vapor density ρ v,c ≈ 0.001 (remember that the vapor density is represented by only a few atoms) and a peak at around ρ i,c ≈ 0.39. The density ρ i,c show the average interface density of liquid and vapor argon in the liquid-vapor coexistence. The pressure inside the channel increase fast if the temperature is increased above 0.57 (from p ≈ -1.05 at T = 0.57 to p ≈ 1.2 at T = 1.0, Fig. 3 ) whereas the liquid density stays constant as already seen in Fig. 1 . If the liquid is further cooled below T < 0.57 the phase transition into the liquid-vapor coexistence can also be seen in a change in the pressure calculated at the bottom wall. The pressure is increased in the liquid-vapor coexistence (Fig. 3) what is supposed to be due to the high influence of the Laplace pressure of this very small vapor bubble corresponding to It was found that i) phase transition can be obtained in a closed volume of a nanocavity using the van der Waals forces at the fluid-substrate interface at small temperatures and ii) the pressure increases if the phase changes from liquid into liquidvapor coexistence what is supposed to be due to the Laplace pressure of the vapor bubble.
